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Abstract 
Physical, chemical and biological data from a sedimentary profile of 
Rocha lagoon (Uruguay) are presented. Analyses of silica remains 
showed that opal phytoliths, diatoms, sponge spicules and chryso- 
phyte cysts were the most important contributors to biogenic silica. 
Organic matter, total nitrogen and total phosphorus were used to infer 
past rophic development. Physical analysis of sediments allowed us 
to identify five lithological units related to sea level variation and cli- 
matic events. 
Introduction 
The trophic degree is a very useful tool to describe aquatic 
systems. For paleoecological reconstructions, knowledge on 
trophic state provides information that is important for infer- 
ring paleoenvironments or climatic change (KAMALELDIN et 
al. 1997; KAUSHAL & BINFORD 1999). In the case of paleolim- 
nological studies of coastal aquatic systems, trophic state also 
provides historical information on sea level variation. Lacus- 
trine systems usually have a higher trophic state than marine 
environments because of allochthonous input as well as inter- 
nal loading (MARGALEF 1983). Therefore, organic matter and 
nutrient values are often higher in freshwater or brackish than 
in marine environments. In accordance with this, water trans- 
parency is commonly higher in marine than in freshwater or 
brackish systems. The hypothesis being tested was that troph- 
ic state was related to sea level variation. To test this hypothe- 
sis, the aim of the study was to reconstruct paleoenvironmen- 
tal conditions using biological remains as well as chemical 
and physical indicators deposited in a sedimentary profile of 
Rocha lagoon (Uruguay). 
Study area 
Rocha lagoon (340 15' S, 54 ° 17' W) is located in southern 
Uruguay (Fig. 1). The basin originated about 7000 years B.R 
by marine transgression a d accumulation of littoral deposits 
(SPRECHMANN 1978, 1980). The area of the lagoon is 72 km 2, 
mean depth 1.4 m, while catchment area is 1312 km 2. Salinity 
values range from 0.5 to 33%0 (sometimes daily), due to wind 
direction effects and human influence (e.g. artificial opening 
of the mouth). The system is separated from the Atlantic 
Ocean by a sand bar which opens to the Atlantic ocean during 
July and August. Sediments are mainly sandy but towards the 
north section silt and clay content increase (SOMMARUGA & 
CONDE 1990). The main tributary (mean flow 13.4 m 3 s-l), re- 
ceives domestic and industrial waste. Vegetation i  the catch- 
ment area is dominated by extensive meadows used for rais- 
ing cattle and sheep. Macrophyte development of Schoeno- 
plectus californicus (C. MEYER) STEUDEL, was observed 
along the north and west coastlines of the system (Fig. 1). 
Materials and Methods 
Two 47 cm long cores were taken in Rocha lagoon in August 1998 at 
station BOLl (Fig. 1) with a 5 cm internal diameter corer. The first 
was cut every 1.5 cm (n = 31) in the laboratory for chemical and bio- 
logical analyses. The second was used for grain size analysis. The 
sampling station was located at a site where net sedimentation is
higher than net resuspension (SOMMARUGA & CONDE 1990). 
Samples for counting and identification of opal phytoliths, di- 
atoms, sponge spicules and chrysophyte cysts were treated with 10 
ml of 2N Na4P207 for 24 hours and then rinsed with distilled water. 
Then, 10 ml of 30% H202 were added, allowed to stand for 24 hours, 
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Fig. 1. Map of the study area. Black dot indicates location of core 
BOLl. Thick lines on the coastline of the lagoon represent develop- 
ment of Schoenoplectus californicus. 
and then rinsed with distilled water. Finally, 10 ml of 2N HC1 were 
added, allowed to stand for 24 hours and again rinsed with distilled 
water. Aliquots of 0.5 g were concentrated in sedimentation cham- 
bers following the method of REID (1978). Permanent slides were 
prepared for counting and identification. Diatom species were identi- 
fied according to KRAMMER & LANGE-BERTALOT (1988), ROUND et 
al. (1992), WITKOWSm et al. (2000). Sponge spicules were identified 
according to FRENGUELLI (1930) and opal phytoliths according to 
TWlSS (1986). 
Measurements for biovolume calculations were performed at 
1000x magnification by sub-dividing fossil remains in regular geo- 
metrical shapes. A minimum of ten frustules for each species or 
genus were measured. Total biovolume was calculated by spatial in- 
tegration of regular shapes. 
Total nitrogen and phosphorus were determined according to 
VALDERRAMA (1981). Aliquots of 0.1 g were digested in 40 ml of 
potassium persulphate, boric acid and sodium hydroxide and auto- 
claved for two hours. For total phosphorus, 10 ml of the solution 
were treated with 1 ml of sulphuric acid, potassium tartrate and am- 
monium molybdate. Absorbances were measured at 885 rim. Total 
nitrogen samples were treated with sodium silicate and sulphuric 
acid, and absorbances were measured at 420 nm. 
Organic matter was determined by loss-on-ignition at550 °C for 
two hours. 
Sediment size analysis was done by drying 50 g aliquots at 80 °C 
for 48 hours for each lithological unit. Lithological units were identi- 
fied according to colour, texture and conservation ofbiogenic materi- 
al. Samples were then treated with 30% H202 and concentrated HC1 
and sieved with the aid of an electrical sieve. The sediment size was 
expressed as percentage ofq~-units, which is a term used to group sed- 
iments into different types according to the size of the particles. The 
(I)-units scale ranges from -12 (which represent the biggest particles, 
i.e. boulder) to 14 (which represent the smallest particles, i.e. clay). 
Such scale is computed by the equation: • = log2 (grain size, mm). 
Sediment age was determined without corrections by convention- 
al 14C analysis on biogenic material of shells of Erodona mactroides, 
DAUDIN. However, BRACCO et al. (1999) estimated that the error 
caused by reservoir effect for estimations on coastal biogenic materi- 
al, is not high in our study area. They concluded that the magnitude 
of the error caused by reservoir effect is not higher than the inherent 
error of the dating technique. Radioactivity was estimated with a 
Packard 1600 TL liquid scintillation counter. 
Results 
The sediment age estimation revealed that the layer com- 
prised between 23 and 28 cm was 2250 _+ 80 years B.R As- 
suming constant sedimentation, deposition rate of sediment 
was about 0.1 mm per year. 
Fig. 2 shows a description of the lithological units in terms 
of colour, preservation of biogenic material, sediment ype 
and the vertical distribution of percentage of (I)-units. Modal 
behaviour of sediments howed that £5 3 accounted for 20 to 
30%, {1I} 4 and 5 accounted for 5 to 20%, while (I) 0 and 6 ac- 
counted for values lower than 2%. 
Vertical distribution of total phosphorus is shown in Fig. 3. 
Maximum concentration was observed at 10 cm depth 
(187 pg g-1 wet sediment), while minimum was observed at 
27 cm (48 gg g-0. Vertical distribution of total nitrogen 
(Fig. 3), showed the maximum at surface (220 pg g-m wet sed- 
iment), while the minimum was observed at 18 cm (38 pg 
g 5). Total phosphorus and nitrogen allowed us to divide the 
sediment column into two sections. The first section was de- 
fined from surface to 12 cm depth where 65% of phosphorus 
and nitrogen values were higher than 100 pg g-L The second 
section was defined from 12 cm to 47 cm depth where 90% of 
phosphorus and nitrogen values were lower than 100 pg g L 
Opal phytoliths are single cell remains from terrestrial 
plants (especially Gramineae), which are good indicators of 
climate (Twlss 1986). These remains are very rich in silica, so 
they can be deposited and preserved in sedimentary profiles. 
Their abundance (Fig. 4) showed maximum values in the sedi- 
ment layer comprised between 36 and 42 cm (30 x 107 phy- 
toliths g-0, while the minimum was observed at 32 cm depth 
(3 x 107 phytoliths g-~). The biovolume of opal phytoliths (Fig. 
5) showed a similar distribution pattern to that observed for 
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abundance values. There was a good correlation between 
abundance and biovolume (r 2 = 0.87; n = 31; p < 0.05). Grass 
phytoliths accounted for 70 to 90% of total phytoliths. This 
vegetation is the most abundant in the catchment area of the la- 
goon. Fig. 6 shows relative percentage of opal phytoliths, 
which allowed us to divide the sediment column into three sec- 
tions. The first section, from surface to 16 cm depth was domi- 
nated by pooid phytoliths (65%), the second section (16 to 32 
cm) by chloridoid phytoliths (50%), while the third (32 to 47 
cm) was dominated by panicoid phytoliths (60%). 
Vertical distribution of total abundance of diatoms is 
shown in Fig. 4. Maximum values were recorded at 5 cm, 8 
cm and 37 cm depths (50 × 105 ind. g 1), while the minimum 
was observed at 15 cm (6 x l0 s ind. g-l). Diatom biovolume 
(Fig. 5) and abundance (Fig. 4) showed similar distribution 
patterns. There was an acceptable correlation between abun- 
dance and biovolume (r 2 -- 0.57; n -- 31; p < 0.05). 
Relative abundance of most representative diatom species 
is shown in Fig. 7. Diatom community was dominated by dif- 
ferent species throughout the sediment column. Lithological 
unit I (0-5 cm) was co-dominated by Diploneis smithii 
(brackish), Hyalodiscus sp. and Actinoptychus enarius 
(coastal brackish to marine areas). Unit II (5-12 cm) was 
characterised by co-dominance of TerpsinoO" musica (coastal 
brackish areas, especially river mouths), Diploneis smithii, 
ParaIia sulcata (coastal marine areas), Nitzschia circumsuta 
(coastal marine waters) and Hyalodiscus p. Co-dominant 
species of unit III (12-22 cm) were Epithemia sp., Terpsino~" 
musica, Surirella striatula (a species typical for coastal areas 
and inland saline waters), Diploneis mithii and Hyalodiscus 
sp.; co-dominant species of unit IV were Actinoptychus 
senarius, TerpsinoO" musica, Hyalodiscus p., Paralia sulca- 
ta, Nitzschia circumsuta, Diploneis smithii and Amphitetras 
antediluviana (coastal brackish). Finally, unit V was co-dom- 
inated by Paralia sulcata, Diploneis mithii, Biddulphia pul- 
chella (marine waters), Actinoptychus senarius and 
Hyalodiscus p. 
Sponge spicules (Fig. 4) were all typical of brackish water. 
The maximum abundance value (52 x 104 spicules g-l) was 
observed at 12 cm while the minimum (3 x 104 spicules g-l) 
was registered at 32 cm. Spicules biovolume (Fig. 5) showed 
a similar distribution pattern to that observed for abundance. 
There was a very good correlation between abundance and 
biovolume (r 2 = 0.87; n = 31; p < 0.05). 
Chrysophyte cysts abundance (Fig. 4) showed the maxi- 
mum at 8 cm (55 x 104 cysts g 1) and the minimum at 32 cm, 
where they were absent. Below 8 cm, cysts showed a de- 
creasing pattern except for two peaks registered at 12 and 
22 cm depth. Chrysophyte cysts biovolume (Fig. 5) and 
abundance showed the same distribution pattern. There was a 
very good correlation between abundance and biovolume 
(r 2 = 0.94; n = 31; p < 0.05). 
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Discussion 
Lithological units of core BOLl ,  with sea level inferred 
from this study and the regional model of sea level varia- 
tion (MARTIN & SUGUIO 1992), are shown in Fig. 8. The 
latter postulates that sea level was higher than the present 
one for 7,200-3,900; 3,600-2,600; and after ca. 2,500 
years B.R (Fig. 8). In contrast, for 3,900-3,600 and 
2,600-2,500 years B.R sea level was below the present 
one. Finally, after ca 2,500 years B.R sea level decreased 
to reach its present level. MARTIN & SUGUIO (1992) in- 
ferred sea level variation using samples collected in 
beach-ridges from central Brazil, and we have inferred 
sea level using samples from a coastal lagoon. Therefore, 
sediment deposition rates cannot be assumed to be equiv- 
alent. However, our results showed a close agreement 
with the regional model of sea level variation after 2,600 
years BR 
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During the formation of unit V (32-47 cm), sea level was 
lower than that of unit 1V (32-22 cm). Many records charac- 
teristic for brackish systems were observed in lithological unit 
V: absence of marine shells, highest abundance of opal phy- 
toliths, relative low values of qb-units 2 and 4. Unit IV was 
formed under higher sea level than unit V. We have found en- 
tire and articulated marine shells and less opal phytoliths than 
in unit V. Unit |I I  represents probably the ancient shore line 
with broken shells, increase of O-unit 2 and decrease of O- 
unit 4. Unit II (12-5 cm) was a sandy sediment layer with very 
low value of O-unit 4 but high values of qS-units 2 and 3. A 
sharp decrease in organic matter was observed from 12 to 10 
cm depth. Therefore a small transgression event might have 
taken place. Unit I represents the present brackish to limnic 
conditions (SOMMARUGA & CONDE 1990), indicated by the de- 
crease of O-units 2 and 3, and increase of O-units 4 and 5. 
All diatom species (Fig. 7) were typical for brackish to 
marine coastal environments and freshwater species were 
rarely found. Sponge spicules (Fig. 5) were also typical for 
brackish systems. Furthermore, nitrogen were lower than 
phosphorus concentrations in most samples (Fig. 3). Marine 
or brackish natural systems are commonly limited by nitro- 
gen, while freshwater natural systems are limited by phos- 
phorus (MARGALEF 1983). Rocha lagoon was shown to be 
limited by nitrogen rather than phosphorus, which means that 
the system has been historically brackish to moderately ma- 
fine. 
OSCHMANN et al. (1999) found the same depositional his- 
tory of transgression-regression events after 2,600 years BR 
in Tramandai lagoon (SE Brazil). This lagoon is located ap- 
proximately 1000 km north of our study area. Our findings 
are also in close agreement with BRACCO & URES (1998) who 
inferred the same sea level variation events using samples of 
an archaeological excavation i  the catchment area of Castil- 
los lagoon (see Fig. 1). 
Microfossils absolute abundance (Fig. 4) and biovolume 
(Fig. 5) revealed that opal phytoliths were the most important 
contributors to sedimentary biogenic silica, followed by di- 
atoms, sponge spicules and chrysophyte cysts. Correlations 
between abundance and biovolume indicate that it would be 
possible to calculate biovolume from abundance values, by 
applying regression equations for chrysophyte cysts and 
sponge spicules. For opal phytoliths and diatoms, correlation 
coefficients were not high enough to allow biovolume calcu- 
lations from abundance values. This is due to a high variation 
in species ize. 
Climate evolution was inferred from relative abundance of 
opal phytoliths (Fig. 6). That is, from 47 to 32 cm depth, there 
was dominance of panicoid phytoliths which are typical of 
humid and tropical climate (Twlss 1986). The dominance of 
chloridoid phytoliths from 32 to about 16 cm depth suggests 
an arid climate which would be a transitional event until 
about 16 cm depth. From this layer to the sediment surface 
pooid phytoliths were dominant thus indicating the establish- 
ment of temperate climate. 
Although our findings are in close agreement with region- 
al studies, temporal resolution of transgression and regres- 
sion events must still be improved to obtain a more detailed 
model of coastal ecosystem evolution. This will be done by 
taking deeper cores and cutting them in thinner intervals than 
those reported here, combined with microscopic analyses of 
thin layers in critical zones. 
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